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INTRODUCTION
The vacuum system in which the films were prepared and measured has been described elsewhere. l Ni thin films (area 8XSO mm) were evaporated onto extremely well-degassed soft glass substrates (Corning 0211, alkali borosilicate, thickness 0.3 mm) at 2S-3SoC. The vacuum during evaporation was in the 10 9 Torr range, deposition rates varied from 40 to 100 A/min. The nickel source consisted of a well-degassed W wire coated with Ni (99.99S%), mounted approximately 80 mm from the substrate and parallel to it. Using this arrangement, the maximum film thickness reached was 837 A. After evaporation the vacuum dropped to values below 2X 10-10 Torr. It is believed that no appreciable gas adsorption takes place under these conditions. Ferromagnetic resonance spectra of the films in UHV were taken as soon as the films were prepared. During measurements the film plane was perpendicular to the static magnetic field. The effects of gas adsorption on the resonance spectra were studied by admission of gases to the system via a fine control valve. During all experiments the films were at room temperature. H2 and O2 (impurities less than 2 ppm) and air were dried via a liquid-nitrogen trap; H 2 0 and N20 were cleaned by repeated freezing and pumping.
In a previous studyl.2 films prepared and measured in UHV were found to be in a state of compressive intrinsic stress. This was concluded from the fact that the values of the resonance fields (HRJ..) were more were explained by means of the surface tension and a simple model was proposed to which the observed resonance fields agreed quantitatively. Clearly separated from the stress relief effect was the appearance of a spin wave resonance mode in the spectra of films thicker than 400 A in atmospheres containing O 2 and N 2 0; the latter effect is reported in detail in this paper.
SWR in Ni thin films was earlier observed by Kimura and Nose.
3 Their films were prepared on unheated glass substrates under vacuum conditions of 4X 10-5 Torr; observations were made in air. A 2000-A thickness film showed 4 SWR peaks. The average value of the exchange coupling constant A was calculated to be 0.75X10-6 erg/em.
Lykken et al. 4 found SWR in permalloy thin films in the vacuum in which the films had been prepared (approximately 1X10-7 Torr) as well as in air. They concluded that spin pinning exists in a modest vacuum.
EXPERIMENTAL RESULTS
The results obtained on 16 films ranging in thickness from 74 to 837 A are summarized in Table 1 . Films as prepared and measured in UHV show decreasing resonance fields with increasing film thickness, in accordance with the surface tension model that was mentioned before. In the resonance spectra of these ultraclean films only the uniform precession mode of the results of this study. In this model the p= 1 mode will be the: strongest when spin pinning exists at both interfaces. From earlier work l it can be concluded that oxidation takes place at both the film/gas and film/substrate interfaces, while this study shows Table II Using Eq. (1) the exchange constant A was calculated for all films; the average value for A was found to be 0.74X 10-6 erg/em, which is in excellent agreement with the value reported by Kimura and Nose.
DISCUSSION AND CONCLUSIONS
For the interpretation of spin wave resonance in magnetic thin films, two different Il).odels are being used, the surface spin pinning model and the volume inhomogeneity mode1. 5 As indicated before, the surface spin pinning model proposed by Kittel 6 has been adopted to explain the results of his study. The main reason for this is that surface effects, which are believed to play the most important role in this work, are the key to the interpretation via the surface spin pinning model. Using the surface spin pinning model, there is no need for assuming a nonuniform distribution of the magnetization normal to the film plane. Such an assumption is a requirement for the volume inhomogeneity model but is unlikely to be valid for films prepared in URV onto well-outgassed substrates as used in this study.
As pinning mechanisms for the surface spin pinning model the surface anisotropy7 and exchange anisotropy8 have been proposed. Both mechanisms are based on the anisotropic environment of the surface atoms. Surface anisotropy is present at clean or contaminated surfaces while exchange anisotropy exists as a result of the presence of antiferromagnetic material on the surface of ferromagnetic material (for example, NiO on Ni). It appears that on the basis of this study a distinction between the two mechanisms becomes evident: From the fact that clean films in UHV do not show SWR modes, it may be concluded that the surface anisotropy cannot be responsible for the excitation of SWR and does not lead to surface spin pinning. Changes in the surface anisotropy, as will occur on chemisorp-tion of H2 or H20, and formation of a nickel hydride layer (diamagnetic) or adsorbed H 2 0 layer does not induce SWR either. Kooi el al.9 found that permalloy films reduced in H2 show indeed weak pinning at the reduced surface. From the results of this study it is clear that SWR does occur after oxidation (0 2 , air, N20), at room temperature. The appearance of SWR is a slow process, indicating that build-up of an antiferromagnetic NiO layer (10 1 or more) is needed to achieve sufficient pinning. Presence of only a monolayer of oxygen does not lead to measurable effects. to From 9 C. F. Kooi at least an adsorbed monolayer will be present on the surface.
this it may be concluded that the ferromagneticantiferromagnetic exchange anisotropy only leads to surface spin pinning and excitation of spin wave re'sonance in this case. The surface spin pinning is relatively weak as may be seen from the fact that in films thinner than 400 1 no SWR was found, while the intensity of the appearing SWR mode for films thicker than 400 1 increases rapidly with film thickness (Fig. 2) .
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